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Flavonols constitute the main group of flavonoids present in sea buckthorn plant material [12] [13] [14] [15] . Many studies have concentrated on the identification of flavonol aglycons and some of their glycosides by means of HPLC-ESI-MS and DAD-UV, HPLC with chemiluminescence detection, capillary zone electrophoresis and NMR spectroscopy [16] [17] [18] [19] [20] [21] [22] [23] [24] . The preparative isolation and purification of the flavonoids were performed by conventional separation methods such as size-exclusion chromatography on the lipophilic organic resin Sephadex LH 20 ® [25] .
High-speed counter-current chromatography (HSCCC) is a support-free all liquid-liquid chromatography technique which eliminates irreversible adsorption effects of the sample on the solid support. Injection of high sample amounts and total recovery are the principal advantages compared to conventional preparative methods such as normal phase and reversed phase column chromatography [26] . This method has been successfully employed in the analytical and semi-preparative separation of the flavonol aglycones isorhamnetin, quercetin and kaempferol of crude sea buckthorn extracts.
However flavonol glycosides of Hippophaë rhamnoides have not been separated preparatively by means of high-speed counter-current chromatography (HSCCC) to date [27] [28] [29] [30] [31] .
The aim of this study was to develop an efficient preparative HSCCC method using a two phase solvent system with retention capabilities optimized for the isolation and purification of a complex mixture of flavonol glycosides from industrially processed sea buckthorn juice concentrate (Hippophaë rhamnoides L. ssp. rhamnoides).
Experimental
High-Speed Counter-Current Chromatography (HSCCC)
The preparative HSCCC instrument used in the present study was a multilayer coil planet centrifuge model CCC 1000 (Pharma-Tech Research Corp., U.S.A.), equipped with three preparative coils connected in series (polytetrafluorethylene tubing: 2.6 mm i.d. x 165 m, 850 mL total volume). A manual sample injection valve with a 25 mL loop was used to introduce the sample into the coil system. The mobile phase was delivered with a Biotronik BT 3020 HPLC pump (Jasco, Grossumstadt, Germany). The effluent stream was monitored by UV-detection at λ 280 nm with a Knauer K-2501 UV detector (Berlin, Germany) equipped with a preparative cell (0.5 mm layer thickness).
Reagents
Organic solvents, n-hexane, n-butanol used for HSCCC separations were of analytical grade (Merck, Darmstadt, Germany 
Results and Discussion

HSCCC Separation
The aim of the present study was to assess the applicability of high-speed countercurrent chromatography (HSCCC) for the isolation of polar constituents from the ethyl acetate extract of sea buckthorn juice concentrate. In an initial step, the crude material was investigated by silica gel thin-layer chromatography (cf. Experimental) where characteristic colorization using anisaldehyde spray reagent [32] (4), quercetin rhamnoside (6), isorhamnetin acetyl-glucoside (7), isorhamnetin rhamnoside (8), quercetin (9), isorhamnetin (10) (cf. Fig. 1 ).
For the preparative isolation by HSCCC different biphasic solvent systems of high polarity were evaluated. The best results for equal partitioning of Hippophaë constituents between the two non-miscible phases were obtained with a system composed of n-hexane -n-butanol -water (1:1:2, v/v/v). The separation was performed in the 'head-to-tail' mode using the lower aqueous solvent layer as mobile phase. The selected solvent system exhibited favorable retention capabilities of the organic stationary phase (90 %) in the HSCCC coil-system during the complete separation even though large sample amounts were injected.
In a single-step HSCCC run (cf. Fig. 2 Only the HSCCC peaks of fraction 1 and 2 showed minor impurities after investigation by TLC (cf. Experimental) and were purified prior to HPLC-ESI-MS-MS and NMRspectroscopy using short RP-18 cartridges (cf. Experimental) to give in addition to fractions 3 and 4, the pure flavonoid glycosides 1 and 2 (cf. Fig. 4) . Repetition of the separation applying identical HSCCC conditions and injection of the same amount of sample confirmed the reproducibility of the preparative-scale chromatography.
As a result of the preparative HSCCC procedure, syringetin 3-O-ß-D-glucoside (2) -a minor concentrated flavonoid glycoside -was substantially enriched in the corresponding HSCCC-peak 2 and hence was recovered for the first time from the crude ethyl acetate extract of Hippophaë material.
The observed elution order for RP 18 -HPLC is not necessarily identical with that for HSCCC operating in the 'head to tail' mode using a lipophilic organic stationary phase.
In this arrangement HSCCC theory predicts that more polar components are eluted initially and the increasing lipophilicity of components causes a higher affinity to the stationary phase leading to longer retention times. Interestingly, protocatechuic acid (5) with the highest polarity of all separated components eluted towards the end of the indicated a symmetrically substituted B-ring system with a singlet-signal (6H) of two methoxyl groups at δ 3.94. All NMR data of 2 [36] and also for protocatechuic acid (5) were in excellent accordance to published reference data [37] [38] . (Fig. 1, 2 ). All the ESI-MS-MS data of compounds 1 -5 confirmed the structure elucidations performed by NMR spectroscopy. , respectively, as the strongest intensity fragment ions.
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Conclusion
Our HSCCC study on the isolation of pure flavonoid glycosides from Hippophaë rhamnoides demonstrates the high effectiveness of the methodology for selective preparations, and indicates its advantage for providing significant amounts of natural products that are then available for further biological 'in-vitro' and 'in-vivo' studies.
